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An expression system for at least 
the aleurone cells of a developing cary- 
opsis or for at least the scutellar epithelial 
tissue or vascular tissue of a germinating 
seedling or developing grain or plant (e.g. 
in the root, leaves and stem) is described. 
The expression system comprises a gene Amp 
promoter fused to a GOI (gene of inter- 
est). In a preferred embodiment the ex- 
pression system comprises the GOI fused 
to a modified Ltpl gene promoter. 
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1 

PROMOTER FROM A LIPID TRANSFER PROTEIN GENE 

The present invention relates to a promoter and to a construct comprising the same. 

5 In particular the present invention relates to the use of a promoter for the expression 
of a gene of interest (GOI) in a specific tissue or tissues of a plant. 

More in particular the present invention relates to a modified promoter for a lipid 
transfer protein (Ltp) gene known as the Ltpl gene. The present invention also 

10 relates to the application of this modified Ltpl gene promoter to express a GOI in a 
specific tissue or specific tissues of a plant. For example, expression can be in either 
the aleurone layer or the scutellar epithelial layer of a monocotyledon, especially a 
transgenic cereal caryopsis (or grain), more especially a developing transgenic cereal 
caiyopsis (or grain). Particular examples include expression in the scutellar epithelial 

15 tissue or vascular tissue of a transgenic rice plant, in particular in the vascular 
bundles and tip of emerging shoots and roots, leaf veins and vascular bundles of 
stems. 

A diagrammatic illustration of a developing caryopsis (or grain) is presented in Figure 
20 1, which is discussed in detail later. In short, a typical developing caryopsis (or 
grain) comprises an endosperm component and an embryo component. The 
endosperm, which is the site of deposition of different storage products such as starch 
and proteins, supports the growth of the emerging seedling during a short period of 
time after germination. The embryo gives rise to the vegetative plant. These 
25 components and aspects are further discussed in Bosnes et aL 1992 and Olsen et al. 
1992. 

The embryo component can be divided into a scutellum and an embryo axis. The 
scutellum can be sub-divided into an epithelial layer, which is usually one cell thick, 
30 and an inner body of parenchyma cells. Likewise, the embryo axis can be sub- 
divided into a root component and a shoot component. 
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The endosperm component of mature grains can be divided into a peripheral layer of 
living aleurone cells surrounding a central mass of non-living starchy endosperm 
cells. The aleurone layer in barley is three cells thick. During caryopsis 
germination, the cells of the aleurone layer produce amyolytic and proteolytic 
5 enzymes that degrade the storage compounds into metabolites that are taken up and 
are used by the growing embryo. 

Two aspects of aleurone cell biology that have been intensively studied are the 
genetics of anthocyanin pigmentation of aleurone cells in maize (McClintock, 1987) 

10 and the hormonal regulation of gene transcription in the aleurone layer of germinating 
barley caryopsis (Fincher, 1989). Using transposon tagging, several structural and 
regulatory genes in the anthocyanin synthesis pathway have been isolated and 
characterized (Paz-Ares et aL 7 1987; Dellaporta et aL, 1988). In barley, or-amylase 
and /J-glucanase genes that are expressed both in the aleurone layer and embryos of 

15 mature germinating caryopsis have been identified (Karrer et al. , 1991; Slakeski and 
Fincher, 1992). In addition, two other cDNAs representing transcripts that are 
differentially expressed in the aleurone layers of developing barley grains have been 
isolated. These are CHI26 (Lea et a/., 1991) and pZE40 (Smith et aL, 1992). 

20 None of these references discloses expression of those gene products in specific cell 
types of developing grains of transgenic cereal plants or in the scutellar epithelial 
tissue or vascular tissue of a germinating rice seedling or a developing rice grain or 
rice plant. 

25 In the life of a developing caryopsis (or grain), the embryo component of a dried 
caryopsis will imbibe water. The presence of water triggers the production of the 
hormone gibberellic acid in the embryo. In barley and other grass caryopsis, the 
embryo releases the gibberillic acid which in turn causes expression of a number of 
genes in the aleurone layer of the endosperm resulting in the production of a number 

30 of enzymes such as a-amylases, proteases and jS-glucanases. Similar enzymes are 
also produced by expression of genes in the epithelial layer. 
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These degradative enzymes digest certain components of the developing caryopsis (or 
grain) to form sugars and amino acids. 

For example, the a-amylases digest the starch store in the starchy endosperm, 
5 whereas the proteases digest the storage proteins and the j3-glucanases digest the cell 
walls. The resultant sugars and amino acids cross the epithelial layer and trigger 
growth of the shoot and root of the embryo axis - i.e. start the germination process. 

In some cases it is desirable to transform seeds, grains, caryopsis and plants by 
10 introducing genes which, as a result of their expression, yield new or improved 
properties to the resulting transformed seeds, grains, caryopsis or plants. For 
example, it may be desirable to alter the expression levels of a natural structural gene 
which may be under- or over- expressed. It may even be desirable to reduce or 
eliminate a disease which harms or destroys the seed, grain, caryopsis or the plant. 

15 

It may even be desirable to make the seed, grain, caryopsis or the plant resistant to 
herbicides. It may even be desirable to prevent or to reduce the extent of pre-harvest 
sprouting. 

20 

It may even be desirable for the seed, grain, caryopsis, or plant to produce 
compounds useful for mammalian usage, such as human insulin. 

Some techniques are known for addressing some of those aims. 

25 

For example, the bacterium Agrobacterium tumefaciens has been used to introduce 
desired genes into the chromosome of a plant. For example the gene coding for 
EPSP synthase, a key enzyme in the synthesis of aromatic acids in plants, has been 
isolated and introduced into petunia plants under the control of a CaMV promoter 
30 (Shah et aL, [1986]). The transgenic plants expressed increased levels of EPSP 
synthase in their chloroplasts and were more tolerant to glycophophate - which 
inhibits production of EPSP synthase. 
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Other examples may be found in R.W. Old & S.B. Primrose (1993). Another use 
of Agrobacterium twnefaciens is described in De Silva et al (1992) wherein a 
recombinant DNA construct is described containing a plant plastid specific promoter 
that expresses a gene placed under its control in concert with the fatty acid or lipid 
5 biosynthesis in the plant cell. 

PCT WO 90/01551 mentions the use of the aleurone cells of mature, germinating 
caryopsis to produce proteins from GOIs under the control of an a-amylase promoter. 
This promoter is active only in germinating caryopsis. 

10 

Non-specific lipid transfer proteins (nsLtps) have the ability to mediate in vitro 
transfer of radiolabelled phospholipids from liposomal donor membranes to 
mitochondrial acceptor membranes (Kader et al., 1984; Watanabe and Yamada, 
1986). Although their in vivo function remains unclear, nsLTPs from plants have 
15 recently received much attention due to their recurrent isolation as cDNA clones 
representing developmentally regulated transcripts expressed in several different 
tissues. A common feature is that, at some point in their development, they are 
highly expressed in tissues producing an extracellular layer rich in lipids. 

20 In particular, transcripts corresponding to cDNAs encoding 10 kDa nsLTPs have been 
characterized in the tapetum cells of anthers as well as the epidermal layers of leaves 
and shoots in tobacco (Koltunow et al., 1990; Fleming et al, 1992), and barley 
aleurone layers (Mundy and Rogers, 1986; Jakobsen et al., 1989). 

25 In addition, a 10 kDa nsLTP has been discovered to be one of the proteins secreted 
from auxin-treated somatic carrot embryos into the tissue culture medium (Sterk et 
al., 1991). 

Based on in situ hybridisation data demonstrating that the Ltp transcripts are localized 
30 in the protoderm cells of the somatic and zygotic carrot embryo, it was suggested that 
in vivo nsLTPs are involved in either cutin biosynthesis or in the biogenesis and 
degradation of storage lipids (Sossountzov et al., 1991; Sterk et aL, 1991). 
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A nsLTP in Arabidopsis has been localized to the cell walls lending further support 
to an extracellular function of this class of proteins (Thoma et al., 1993). 

Recently, using a standard in vitro Ltp assay, two 10 kDa nsLtps and one member 
5 of a novel class of 7 kDa nsLtp's were isolated from wheat seeds (Monnet, 1990; 
Dieryck et al. , 1992). 

The sequence of this 7 kDa wheat nsLtp protein shows a high degree of similarity 
with the predicted protein from the open reading frame (ORF) of the BzllE cDNA, 

10 which had been isolated in a differential screening for barley aleurone specific 
transcripts (Jakobsen et al., 1989). However, the amino acid sequence of this 
polypeptide showed only limited sequence identities with the previously sequenced 10 
kDa proteins. In sub-cellular localisation studies using gold labelled antibodies one 
10 kDa protein from Arabidopsis was localised to the cell wall of epidermal leaf cells. 

15 The presence of a signal peptide domain in the N-terminus of the open reading frames 
of all characterised plant nsLtp cDNAs, also suggests that these are proteins destined 
for the secretory pathway with a possible extracellular function. 

Olsen et al. in a paper titled "Molecular Strategies For Improving Pre-Harvest 
20 Sprouting Resistance In Cereals" published in 1990 in the published extracts from the 
Fifth International Symposium On Pre-Harvest Sprouting In Cereals (Westview Press 
Inc.) describe three different strategies for expressing different "effector" genes in the 
aleurone layer in developing grains of transgenic plants. This document mentions 4 
promoter systems - including a system called B11E. 

25 

Kalla et al. (1993) in a paper titled "Characterisation of Promoter Elements Of 
Aleurone Specific Genes From Barley" describe the possibility of the expression of 
anti-sense genes by the use of promoters of the aleurone genes B22E, B23D, B14D, 
andBHE. 
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Linnestad et al (1991) describe the isolation and sequencing of the Ltpl gene and 
disclose a 787 base pair fragment of the Ltpl gene promoter fused to a fragment of 
the Ltpl structural gene. This paper does not disclose any expression studies using 
the 787 base pair fragment. 

5 

Skriver et al (1992) report further on the Ltpl gene. This paper says that the Ltpl 
gene promoter is only aleurone specific. To confirm this submission the paper 
further reports on the isolation and fusion of a 769 bp fragment (-702 to +67 bp) of 
the gene to the bacterial /J-glucuronidase (GUS) reporter gene. This fragment 
10 therefore contains 635 bp of the Ltpl gene promoter. Subsequent transient expression 
studies showed that the shortened gene promoter resulted only in aleurone specific 
expression. Expression was not observed in any other tissue. The authors conclude 
that there are sequences between the -702 and +67 bp of Ltpl which contain DNA 
elements that specifically modulate its transcription in aleurone cells. 

15 

One of the major limitations to the molecular breeding of new types of crop plants 
with specific cells expressing GOIs is the lack of a suitable tissue specific promoter. 
In particular, there is a lack of a tissue specific promoter that leads to expression of 
a GOI in a developing caryopsis (or grain) or in a germinating rice seedling or in a 
20 developing grain, in particular in the scutellar epithelial tissue or vascular tissue of 
a germinating seedling or a developing grain or a plant. 

Moreover, all of the available promoters - such as the CaMV 35S, rice actin and 
maize alcohol dehydrogenase - are constitutive, i.e. they are fairly non-specific in 
25 target site or stage development as they drive expression in most cell types in the 
plants. 

Hence, another problem that arises is how to achieve expression of a product coded 
for by a GOI in a specific tissue that gives minimal interference with the developing 
30 embryo and seedling. 
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Our co-pending United Kingdom patent application (GB 9324707.0) describes the use 
of an Ltp2 gene promoter for expression of a GOI in the aleurone layer. However, 
in spite of this teaching, there is still a need for other tissue specific promoters, such 
as another aleurone specific promoter or, preferably, a promoter specific for vascular 
5 tissue and/or the scutellar epithelial layer. In this regard, it is still desirable to 
provide other tissue specific expression of GOIs in cereals such as rice, maize, wheat, 
barley and other transgenic cereal plants. Moreover it is desirable to provide tissue 
specific expression that does not detrimentally affect the developing embryo and the 
developing caryopsis (or grain). 

10 

According to a first aspect of the present invention there is provided a modified Ltpl 
gene promoter which is integrated, preferably stably integrated, within a plant 
material's genomic DNA and which is capable of inducing expression of a GOI when 
fused to the gene promoter in at least the aleurone cells or in at least the scutellar 
15 epithelial tissue or vascular tissue of a germinating seedling or a developing grain or 
a plant (e.g. in the root, leaves and stem). 

According to a second aspect of the present invetion there is provided a modified 
Ltpl gene promoter according to claim 1 or claim 2 wherein the promoter comprises 
20 the nucleic acid sequence shown as SEQ. I.D. 1, or a sequence that has substantial 
homology with that of SEQ. I.D. 1, or a variant thereof. 

According to a third aspect of the present invetion there is provided an isolated Ltpl 
gene promoter comprising the sequence shown as SEQ. I.D. 1, or a sequence that has 
25 substantial homology therewith, or a variant thereof. 

According to a fourth aspect of the present invetion there is provided a construct 
comprising a GOI and a modified Ltpl gene promoter according to the present 
invention; wherein the construct is capable of being expressed in at least the aleurone 
30 cells or in at least the scutellar epithelial tissue or vascular tissue of a plant material; 
and wherein if there is expression in just the aleurone layer of a developing barley 
caryopsis then the fused promoter and GOI are not the 769 bp fragment of Skriver 
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etal (1992). 



10 



According to a fifth aspect of the present invetion there is provided an expression 
system for at least the aleurone cells or for at least the scutellar epithelial tissue or 
vascular tissue of a plant material, the expression system comprising a GOI fused to 
a modified Ltpl gene promoter wherein the expression system is capable of being 
expressed in at least the aleurone cells or in at least the scutellar epithelial tissue or 
vascular tissue of the plant material; and wherein if there is expression in just the 
aleurone layer of a developing barley caryopsis then the fused promoter and GOI are 
not the 769 bp fragment of Skriver ei al (1992). 



According to a sixth aspect of the present invetion there is provided an expression 
system for at least the aleurone cells of a developing caryopsis or for at least the 
scutellar epithelial tissue or vascular tissue of a germinating seedling or developing 

15 grain or plant (e.g. in the root, leaves and stem), the expression system comprising 
a gene promoter fused to a GOI wherein the expression system is capable of being 
expressed in at least the aleurone cells of the developing caryopsis or in at least the 
scutellar epithelial tissue or vascular tissue of a germinating seedling or a developing 
grain or a plant (e.g. in the root, leaves and stem); either wherein if there is 

20 expression in just the aleurone layer of a developing barley caryopsis then either the 
promoter is not the wild type Ltpl promoter in its natural enviroment and the GOI 
is not the Ltpl functional gene in its natural enviroment; or wherein if there is 
expression in just the aleurone layer of a developing caryopsis then the fused 
promoter and GOI are not the 769 bp fragment of Skriver et al (1992). 

25 

According to a seventh aspect of the present invetion there is provided a transgenic 
cereal comprising an expression system according to the present invention or a 
construct according to the present invention wherein the expression system or 
construct is integrated, preferably stably integrated, within the cereal's genomic 
30 DNA. 
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According to an eighth aspect of the present invetion there is provided the use of a 
gene promoter according to the present invention to induce expression of a GOI when 
fused to the gene promoter in at least the aleurone cells or in at least the scutellar 
epithelial tissue or vascular tissue of a plant material. 

5 

According to a ninth aspect of the present invetion there is provided a process of 
expressing a GOI when fused to a gene promoter according to the present invention 
wherein expression occurs in at least the aleurone cells or in at least the scutellar 
epithelial tissue or vascular tissue of a plant material. 

10 

According to a tenth aspect of the present invetion there is provided a process of 
expressing in at least the scutellar epithelial tissue or vascular tissue of a developing 
grain or a germinating seedling or a plant, preferably a developing rice grain or a 
germinating rice seedling or a transgenic rice plant, an expression system according 
15 to teh present invention or a construct according to the present invention wherein the 
expression system or construct is integrated, preferably stably integrated, within the 
cereal's genomic DNA. 

# * 

According to an eleventh aspect of the present invetion there is provided a 
20 combination expression system comprising a. as a first construct, a construct 
according to the present invention; and b. as a second construct, a construct 
comprising a GOI and another gene promoter that is tissue- or stage-specific. 

According to a twelfth aspect of the present invetion there is provided a developing 
25 cereal grain, preferably a germinating rice seedling, comprising any one of: a 
promoter according to the present invention, an expression system according to the 
present invention, a construct according to the present invention, or a combination 
expression system according to the present invention. 

30 According to a thirteenth aspect of the present invetion there is provided plasmid 
NCIMB 40609. 
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Preferably the plant material is a developing caryopsis, a germinating seedling, a 
developing grain or a plant. 

Preferably the construct is capable of being expressed in at least the aleurone cells of 
5 a developing caryopsis or in at least the scutellar epithelial tissue or vascular tissue 
of a germinating seedling or a developing grain or a plant when the construct is 
integrated, preferably stably integrated, within the caryopsis's or grain's or seedling's 
or plant's genomic DNA. 

10 Preferably the modified Ltpl gene promoter comprises the nucleic acid sequence 
shown as SEQ. I.D. 1 , or a sequence that has substantial homology with that of SEQ. 
I.D. 1, or a variant thereof. 

Preferably the construct further comprises at least one additional sequence to increase 
15 expression of the GOL 

Preferably the expression system is for at least the aleurone cells of a developing 
caryopsis or for at least the scutellar epithelial tissue or vascular tissue of a 
germinating seedling or developing grain or plant (e.g. in the root, leaves and stem). 

20 

Preferably the expression system is additionally capable of being expressed in the 
embryo cells of the germinating grain or the plantlet. 

Preferably the expression system is integrated, preferably stably integrated, within a 
25 developing caryopsis's genomic DNA or a germinating seedling's genomic DNA or 
a developing grain's genomic DNA or a plant's genomic DNA. 

Preferably, in the expression system, the gene promoter comprises the sequence 
shown as SEQ I.D. No. 1 or comprises a sequence that has substantial homology 
30 therewith, or is a variant thereof. 
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Preferably, the expression system comprises the construct according to the present 
invention. 

Preferably, in the use, the gene promoter is used to induce expression of a GOI when 
5 fused to the gene promoter in at least the aleurone cells of a developing caryopsis or 
in at least the scutellar epithelial tissue or vascular tissue of a germinating seedling 
or a developing grain or a plant (e.g. in the root, leaves and stem). 

Preferably, the gene promoter expresses the GOI when fused to the gene promoter 
10 in at least the aleurone cells of a developing caryopsis or in at least the scutellar 
epithelial tissue or vascular tissue of a germinating seedling or a developing grain or 
a plant (e.g. in the root, leaves and stem). 

Preferably the promoter and GOI are integrated, preferably stably integrated, within 
15 a cereal's genomic DNA. 

Preferably the gene promoter is a fragment of a barley Ltpl gene promoter. 

Preferably the promoter is for a 10 kDa lipid transfer protein. 

20 

Preferably the gene promoter is obtainable from plasmid NCIMB 40609. 

Preferably the gene promoter is used for expression of a GOI in a cereal caryopsis 
or a cereal grain or a cereal seedling or a cereal plant. 

25 

Preferably the cereal caryopsis is a developing cereal caryopsis, the cereal grain is 
a developing cereal grain, and the cereal seedling is a germinating cereal seedling. 

Preferably the cereal is any one of a rice, maize, wheat, or barley. 

30 

Preferably the cereal is rice or maize. 
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Preferably the developing caryopsis is a developing barley caryopsis, the germinating 
seedling is a germinating rice seedling, the developing grain is a developing rice 
grain, and the plant is a transgenic rice plant. 

5 Preferably in the combination expression system each construct is integrated, 
preferably stably integrated, within a plant material. 

Preferably each of the myb site and the myc site in the gene promoter is maintained 
substantially intact. 

10 

Preferably the gene promoter is integrated, preferably stably integrated, in the 
developing caryopsis's genomic DNA or the germinating seedling's genomic DNA 
or the developing grain's genomic DNA or the plant's genomic DNA and which is 
capable of inducing expression of a GOI when fused to the gene promoter in at least 
15 the aleurone cells of the developing caryopsis or in at least the scutellar epithelial 
tissue or vascular tissue of a germinating seedling or a developing grain or a plant 
(e.g. in the root, leaves and stem). 

Preferably the transgenic developing caryopsis, germinating seedling, developing 
20 grain or plant is prepared by stable integration of the GOI and the gene promoter to 
form a stable transgenic plant. This ensures aleurone or epithelial or vascular 
expression at, at least, the developing caryopsis stage. One preferred method for 
achieving this includes preparing the transgenic developing caryospis, germinating 
seedling, developing grain or plant by stable integration of the GOI and the gene 
25 promoter at the protoplast level. 

Preferably the promoter is used for expression of a GOI in a monocotyledonous 
species, including a grass - preferably a transgenic cereal grain or caryopsis. 
Preferably the gene promoter is used for expression of a GOI in a cereal grain or 
30 caryopsis. Preferably the cereal grain or caryopsis is a developing cereal grain or 
caryopsis. Preferably the cereal grain or caryopsis is any one of a rice, maize, 
wheat, or barley grain or caryopsis. 
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Preferably the cereal grain is a rice grain. 

Preferably the DNA sequence for the modified Ltpl gene promoter is the nucleic acid 
sequence shown as SEQ. I.D. 1. 

5 

Preferably in the combination expression system each construct is integrated, 
preferably stably integrated, within a developing caryopsis's genomic DNA or a 
grain's genomic DNA or a seedling's genomic DNA or a plant's genomic DNA. 

10 Preferably, in the combination expression system, the first construct comprises the 
modified Ltpl gene promoter according to the present invention. 

Preferably, the promoter in the second construct is an aleurone specific promoter. 

15 Preferably the promoter in the second construct a barley promoter. 

Preferably the second construct is the B22E gene promoter. 

Preferably the promoter in the second construct is the Ltp2 gene promoter, 

20 

Preferably the promoter in the second construct is for a 7 kDa lipid transfer protein. 

Preferably the promoter in the second construct is the promoter for Ltp2 of Hordeum 
vulgare. 

25 

Preferably the promoter in the second construct comprises the sequence shown as 
SEQ. I.D, 2, or a sequence that has substantial homology therewith, or a variant 
thereof. 

30 Preferably each of the myb site and the myc site in the Ltp2 gene promoter is 
maintained substantially intact. 
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Preferably the second construct further comprises at least one additional sequence to 
increase expression of the GOI. 

Preferably, in the combination expression system, the grain or caryopsis is as defined 
5 above for the present invention. 

Preferably the gene promoter is obtainable from plasmid NCIMB 40609. 

A preferred embodiment of the present invention is a modified Ltpl gene promoter 
10 which is integrated, preferably stably integrated, within a plant material's genomic 
DNA and which is capable of inducing expression of a GOI when fused to the gene 
promoter in at least the aleurone cells or in at least the scutellar epithelial tissue or 
vascular tissue of a germinating seedling or a developing grain or a plant (e.g. in the 
root, leaves and stem), but wherein if there is expression in just the aleurone layer 
15 of a developing seed then the fused promoter and GOI are not the 769 bp fragment 
of Skriver eta! (1992). 

An even more preferred embodiment of the present invention is a modified Ltpl gene 
promoter which is integrated, preferably stably integrated, within a plant material's 

20 genomic DNA and which is capable of inducing expression of a GOI when fused to 
the gene promoter in at least the aleurone cells or in at least the scutellar epithelial 
tissue or vascular tissue of a germinating seedling or a developing grain or a plant 
(e.g. in the root, leaves and stem), wherein the promoter comprises the nucleic acid 
sequence shown as SEQ. I.D. 1, or a sequence that has substantial homology with 

25 that of SEQ. I.D. 1, or a variant thereof. 

As a highly preferred embodiment, the present invention therefore provides transgenic 
rice comprising a construct comprising a GOI fused to a modified Ltpl gene 
promoter; wherein the construct is integrated, preferably stably integrated, within the 
30 rice's genomic DNA, and wherein the GOI is expressed in at least the vascular tissue 
and/or scutellar epithelial layer of a germinating rice seedling or a developing rice 
grain or a rice plant. 
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In a more preferred embodiment the present invention provides a transgenic rice 
seedling, grain or plant comprising a construct comprising a GOI fused to a modified 
Ltpl gene promoter, wherein the construct is integrated, preferably stably integrated, 
within the rice's genomic DNA; wherein the GOI is expressed in at least the scutellar 
5 epithelial tissue or vascular tissue of a germinating seedling or a developing grain or 
a plant, and wherein the modified Ltpl gene promoter comprises the nucleic acid 
sequence shown as SEQ. I.D. 1, or a sequence that has substantial homology with 
that of SEQ. I.D. 1, or a variant thereof. 

10 The additional sequence(s) for the construct(s) for increasing the expression of the 
GOI(s) may be one or more repeats (e.g. tandem repeats) of the promoter upstream 
box(es) which are responsible for the aleurone layer or scutellar epithelial cell and/or 
vascular expression pattern of the modified Ltpl gene promoter. The additional 
sequence may even be a S7z7-intron. 

15 

The term "plant material" includes a developing caryopsis, a germinating caryopsis 
or grain, or a seedling, a plantlet or a plant, or tissues or cells thereof, such as the 
aleurone cells of a developing caryopsis or the scutellar epithelial tissue or vascular 
tissue of a germinating seedling or developing grain or plant (e.g. in the root, leaves 
20 and stem). 

Thus a preferred aspect of the present invention comprises plant material comprising 
a GOI and a modified Ltpl gene promoter which is capable of inducing expression 
of the GOI when fused to the gene promoter in at least the aleurone cells or in at least 

25 the scutellar epithelial tissue or vascular tissue of the plant material; wherein the 
construct is capable of being expressed in at least the aleurone cells or in at least the 
scutellar epithelial tissue or vascular tissue of the plant material, when the construct 
is integrated, preferably stably integrated, within the caryopsis's or grain's or 
seedling's or plant's genomic DNA; and wherein the modified Ltpl gene promoter 

30 comprises the nucleic acid sequence shown as SEQ. I.D. 1, or a sequence that has 
substantial homology with that of SEQ. I.D. 1, or a variant thereof. 
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The term "modified" with reference to the present invention means any Ltpl gene 
promoter that is different to the wild type promoter but wherein the promoter induces 
expression in at least the aleurone cells of a developing caryopsis or in at least the 
scutellar epithelial tissue or vascular tissue of a germinating seedling or a developing 
5 grain or a plant (e.g. in the root, leaves and stem). 

In particular, a preferred modified Ltpl gene promoter is a shortened wild type Ltpl 
gene promoter but wherein the promoter induces expression in at least the aleurone 
cells of a developing caryopsis or in at least the scutellar epithelial tissue or vascular 
10 tissue of a germinating seedling or a developing grain or a plant (e.g. in the root, 
leaves and stem). 

The term "transgenic" in relation to the present invention - in particular in relation 
to the developing caryopsis, germinating seedlings, developing grains and plants of 

15 the present invention - does not include a wild type promoter in its natural enviroment 
in combination with its associated functional gene (GOI) in its natural enviroment. 
Thus, the term includes developing caryopsis or seedlings or grains or plants 
incorporating the GOI which may be natural or non-natural to the grain or caryopsis 
or seedling or grain or plant in question operatively linked to the modified Ltpl 

20 promoter of the present invention. 

The term "GOI" with reference to the present invention means any gene of interest. 
A GOI can be any gene that is either foreign or natural to the cereal in question, 
except for the wild type Ltpl functional gene when in its natural enviroment. In the 
25 combination expression system the GOI may be the same or different. 

Typical examples of a GOI include genes encoding for proteins and enzymes that 
modify metabolic and catabolic processes* For example, the GOI may be a protein 
giving added nutritional value to the grain or caryopsis as a food or crop. Typical 
30 examples include plant proteins that can inhibit the formation of anti-nutritive factors 
and plant proteins that have a more desirable amino acid composition (e.g. a higher 
lysine content than the non-transgenic plant). 
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The GOI may even code for an enzyme that can be used in food processing such as 
chymosin, thaumatin, a-galactosidase and guar. 

In a preferred embodiment, particularly with vascular expression, the GOI may code 
5 for an agent for introducing or increasing pathogen resistance. 

The GOI may even be an antisense construct for modifying the expression of natural 
transcripts present in the relevant tissues. 

10 The GOI may even code for a non-natural plant compound that is of benefit to 
animals or humans. For example, the GOI could code for a pharmaceutical^ active 
protein or enzyme such as the therapeutic compounds insulin, interferon, human 
serum albumin, human growth factor and blood clotting factors. In this regard, the 
transformed cereal grain or caryopsis could prepare acceptable quantities of the 

15 desired compound which could be easily retrievable from the scutellar epithelial layer, 
the aleurone layer or the vascular tissue. 

Preferably the GOI is a gene encoding for any one of a protein having a high 
nutritional value, a Bacillus thuringensis insect toxin, an or- or /3- amylase antisense 
20 transcript, a protease antisense transcript, or a glucanase antisense transcript. 

The term "a variant thereof with reference to the present invention means any 
substitution of, variation of, modification of, replacement of, deletion of or the 
addition of one or more nucleic acid(s) from or to the promoter sequence providing 
25 the resultant sequence exhibits at least aleurone, scutellar epithelial or vascular 
expression, respectively. The term also includes sequences that can substantially 
hybridise to the promoter sequence. 

The term "substantial homology" covers homology with respect to at least the 
30 essential nucleic acids/nucleic acid residues of the promoter sequence providing the 
homologous sequence acts as a promoter, e.g. as a promoter for at least aleurone 
expression in a developing caryopsis or for at least scutellar epithelial tissue or 
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vascular tissue expression in a germinating seedling or in a developing grain or plant. 
Preferably there is at least about 80% homology, more preferably at least about 90% 
homology, and even more preferably there is at least about 95% homology with the 
promoter sequence shown as SEQ. I.D. No. 1. or SEQ. I.D. No. 2, respectively. 

5 

The term "maintained substantially intact" means that at least the essential 
components of each of the myb site and the myc site remain in the construct to ensure 
acceptable expression of a GOI. Preferably at least about 75%, more preferably at 
least about 90%, and even more preferably there is at least about 95%, of the myb 
10 or myc site is left intact. 

The term "construct" - which is synonymous with terms such as "cassette", "hybrid" 
and "conjugate" - includes a GOI directly or indirectly attached to the modified gene 
promoter, such as to form a [modified Ltpl gene promoter-GOI] cassette. An 
15 example of an indirect attachment is the provision of a suitable spacer group such as 
an intron sequence, such as the Sfci-intron, intermediate the promoter and the GOI. 
The same is true for the term "fused" in relation to the present invention which 
includes direct or indirect attachment. 

20 The term "expression system" means that the system defined above can be expressed 
in an appropiate organism, tissue, cell or medium. In this regard, the expression 

system of the present invention may comprise additional components that ensure ro 

-t 

increase the expression of the GOI by use of the gene promoter. 

25 As indicated above, the expression system of the present invention can also be used 
in conjunction with another expression system, preferably an expression system that 
is also tissue and/or stage specific. 

For example, the construct comprising the modified Ltpl gene promoter (e.g. the 787 
30 bp fragment of SEQ. I.D. NO. 1) can be used in conjunction with a construct 
comprising the Ltp2 gene promoter (e.g. SEQ. I.D. NO. 2) - which is the subject of 
our co-pending UK patent application GB 9324707.0. 
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In this respect, and with reference to barley, in the early stages of developing 
caryopsis the modified Ltpl gene promoter affects expression of a GOI in at least the 
aleurone layers of developing caryopsis. This expression can then be complimented 
by use of the Ltp2 gene which can express a GOI (which may be the same or 
5 different as that operatively linked to the modified Ltpl gene promoter) in high levels 
in the aleurone layer of developing grains. 

However, the combination expression system is very effective for transgenic rice. 
In this respect, in the early stages of developing caryopsis the modified Ltpl gene 

10 promoter expresses a GOI in the scuteliar epithelial layer and the vascular tissue. 
This expression can then be complimented by use of the Ltp2 gene which can express 
a GOI in high levels in the aleurone layer of developing grains. This combination is 
particularly advantageous for pre-harvest sprouting when the first response is 
production of a-amyiase in the scuteliar epithelium cells as this can be reduced or 

15 prevented by placing an anti-sense a amylase gene under the control of the Ltpl 
promoter. In this system, the expression of antisense a-amylase would block the 
synthesis of a-amylases in the scutellum epithelial cells - where they are first made. 
The same or another GOI could be expressed in the aleurone layer via the Ltp2 gene 
promoter. 

20 

The construct comprising the modified Ltpl gene promoter may even be used in 
conjunction with a construct comprising the B22E gene promoter - details of which 
may be found in Olsen et ai (1990) and Klemsdal et al, (1991). This gene 
promoter, which is expressed in immature aleurone layers, has been shown by 

25 particle bombardment experiments to be capable of driving Gus expression in 
developing barley grains. Also, using Northern analysis, as well as in situ 
hybridization, it has been shown that the B22E cDNA probe hybridizes to transcripts 
in the aleurone layer and in the scutellum parenchyma cells and the provascular 
bundle of the embryo axis in developing barley grains. In addition, a hybridizing 

30 transcript is also present in the ventral vascular strand of developing caryopsis (Olsen 
et ai, 1990). 
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We have also found that by using a 4.6 kb B22E promoter fragment contained on a 
Xbal-Clal fragment of a genomic clone fused to the Gus reporter gene transformed 
rice plants could be prepared. Those transformed rice plants exhibited strong 
expression in the vascular tissue (phloem) of the ventral strand of the developing rice 
5 grain. This expression pattern was completely unexpected in view of Klemsdal et al 
(1991). Expression, although weaker, in the same cell type was also observable in 
the stem of young shoots. Thus, using the B22E promoter, a GOI transcript can be 
expressed in the aleurone layers of developing grains, the parenchyma cells of the 
embryonic scutellum and the ventral vascular bundle of developing grains. 

10 

The combination of the use of the modified Ltpl gene promoter and the B22E gene 
promoter could even include the use of another gene promoter, such as the Ltp2 gene 
promoter, to express three GOIs respectively wherein each GOI may be the same or 
different. 

15 

One or more of the other expression systems to be used in conjunction with the 
modified Ltpl gene promoter expression system may be contained in or on the same 

* 

transmission vector - such as in the same transforming baterium or even in the same 
plasmid. The advantage of this is that each expression system can then be delivered 
20 at the same time. The respective expression systems will then be turned on during the 
relevant life time of the grain or caryopsis or the plantlet or the mature plant. 

The present invention therefore provides the novel and inventive use of a promoter 
which can express a GOI in at least the aleurone cells of a developing caryopsis or 
25 in at least the scutellar epithelial tissue or vascular tissue of a germinating seedling 
or a developing grain or a plant (e.g. in the root, leaves and stem). In a preferred 
embodiment the present invention relates to the use of a modified Ltpl gene 
promoter, preferably the Ltpl gene promoter is obtainable from barley. 

30 The main advantage of the present invention is that the use of the modified Ltpl gene 
promoter results in expression of a GOI in at least the aleurone layer of at least a 
developing caryopsis, such as a developing barley caryopsis, or in at least the 
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scutellar epithelial tissue or vascular tissue of a germinating seedling or a developing 
grain or plant of cereals such as rice, maize, wheat or other transgenic cereal grain 
or caryopsis, preferably a developing rice grain. 

5 Another advantage is that, depending on the type of GOI, the expressed products can 
be stable in vivo. Hence over a period of time high levels of the expressed product 
can accumulate in the aleurone cells or in epithelial cells or in the vascular tissue. 

A further advantage is that the expression of the product coded for by a GOI in the 
10 aleurone layer or the epithelial layer or the vascular tissue has minimal interference 
with the developing embryo and seedling. This is in direct contrast to known 
constitutive promoters which give high levels of expression in the developing seedling 
and mature plant tissues which severely affect normal plant development. Thus the 
present invention is particularly useful for expressing a GOI in at least the aleurone 
15 layer of a developing caryopsis or in at least the scutellar epithelial tissue or in the 
scutellar epithelial tissue or vascular tissue of a germinating seedling or a developing 
grain or plant - such as cereal grains or caryopsis - and in doing so not detrimentaly 

4 

affect the caryopsis, seedling, grain or plant. 

20 With regard to the first aspect of the present invention it is to be noted that this is the 
first reported case for the specific expression of a GOI in the scutellar epithelial cells 
or vascular cells of a transformed developing cereal grain such as rice. 

With regard to some aspects of the present invention, it is to be noted that up until 
25 now it was believed that the wild type Ltpl gene promoter or a specific varaint 
thereof when fused to at least a segment of the Ltpl fucntional gene would lead only 
to expression in the aleurone layer. For example see the teachings of Skriver et al 
(1992). However, with the present invention, we have now surprisingly found that 
this is not the case and it is now possible to modify the Ltpl gene promoter to lead 
30 to a pronounced expression in at least the aleurone layer or in at least the scutellar 
epithelial layer or vascular tissue of a plant material. 



WO £5/23230 PCT/NO95/00042 

22 

In one embodiment the plant material is barley plant material. In another embodiment 
the plant material is not barley plant material. In a preferred embodiment the plant 
material is rice plant material. In an alternative preferred embodiment the plant 
material is maize plant material. 

5 

In a germinating, transgenic barley caryopsis according to the present invention, there 
is expression in the aleurone layer. 

In a germinating, transgenic rice seedling according to the present invention there is 
10 pronounced expression in the scutellar epithelial tissue and vascular tissue. 

As indicated, the expression pattern for the present invention is particularly surprising 
as it was completely unexpected that a modified Ltpl gene promoter could result in 
expression of a GOI, such as a plant functional gene, in the aleurone cells of, for 

15 example, barley or in the scutellar epithelial tissue or vascular tissue of a germinating 
seedling or a developing grain or plant of rice (see experimental section later). The 
findings of the present invention are also surprisingly different to the work of Skriver 
et al. (1992) who, as mentioned above, report that the Ltpl gene promoter and a 
shortened version thereof when fused to the functional Ltpl functional gene only 

20 result in aleurone specific expression in barley - i.e. expression is not observed in any 
other tissue in barley or even other cereals. 

In order to prepare the transgenic organism according to the present invention, the 
modified Ltpl gene promoter may be initially inserted into a plasmid. For example, 
25 the Sacl-Bcll Ltpl gene promoter fragment can be inserted into the SacI-BamHl site 
of Bluescript. A GOI, such as GC/5, can then be inserted into this construct. 
Furthermore, a Shi intron can then be inserted into the Smal site of this construct. 

Stable integration into protoplasts may be achieved by using the method of Shimamoto 
30 (1989). Another way is by bombardment of an embryonic suspension of cells (e.g. 
rice, barley or maize cells). A further way is by bombardment of immature embryos 
(e.g. rice, maize or barley embryos). 
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With regard to the present invention, it is shown by using panicle bombardments that 
the modified Ltpl gene promoter, such as the 787 bp fragment of the attached 
sequence, when fused to a ^-glucuronidase (GUS) reporter gene, which serves as a 
GOI for the purposes of this invention, acts as a promoter for expression of GUS in 
5 a specific tissue type or specific tissue types. For example, GUS expression can be 
achieved in the aleurone cells of developing cereal caryopsis or grain, in particular 
developing barley caryopsis, or in the scutellar epithelial tissue or vascular tissue of 
a germinating seedling or a developing grain or plant, in particular developing rice 
grain or germinating seedlings. 

10 

In particular, in transgenic rice plants, the modified barley Ltpl gene promoter directs 
strong expression of the Gt/5-reporter gene in the scutellar epithelial layer and the 
vascular tissue of the developing caryopsis. This expression can continue through 
into the germinating grains. The surprising finding is that very pronounced 
15 expression can be seen in the scutellar epithelial tissue or vascular tissue of a 
developing rice grain or germinating rice seedlings. Other examples include 
expression in the vascular bundles and tip of emerging shoots and roots, leaf veins 
and vascular bundles of stems. 

20 Generally therefore the present invention relates to a modified promoter for a Ltpl 
gene encoding a 10 kDa nsLTP. In the present invention, a genomic clone was 
isolated using the cDNA insert of previously isolated cDNA clone and characterised 
by DNA sequencing (see discussion later). The sequence of the cDNA and isolated 
genomic clone was found to be identical in the overlapping region. It was found the 

25 Ltpl gene contains one intron (see discussion later). 

By comparing the DNA sequence of the active promoter sequences two putative ex- 
acting elements with the potential of binding known transcriptional factors present in 
cereals were detected. They include the binding sites for transcriptional factors of the 
30 myb and myc class, namely TAACTG and CANNTG respectively. Our studies 
showed that high levels of expression are achieved when the myb and myc sites are 
left intact. 
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In the present invention, mature fertile rice plants were regenerated from transformed 
cultured rice protoplasts. The developing caryopsis of these primary transformants 
were analysed for the expression of GUS. It was found that the modified barley Ltpl 
gene promoter confers some expression in the aleurone layer of the transgenic rice 
5 plants. However, pronounced expression was observed in the scutellar epithelial 
tissue or vascular tissue of germinating rice seedlings or developing transgenic rice 
grain or transgenic rice plants. This is the first example of such patterns of 
expression in transgenic rice plants, 

10 The following sample has been deposited in accordance with the Budapest Treaty at 
the recognised depositary The National Collections of Industrial and Marine Bacteria 
Limited (NCIMB) at 23 St Machar Drive, Aberdeen, Scotland, AB2 1RY, United 
Kingdom, on 11 January 1994: 



15 An E. Coli K12 bacterial stock containing the plasmid pLtpl .787- 

GN - i.e. Bluescript containing a 787 bp fragment of the barley 
Ltpl gene promoter (Deposit Number NCIMB 40609). 

* 

The plasmid pLtpl.787-GN is shown pictorially in Figure 6 (see later). 

20 

The modified Ltpl gene promoter can be isolated from this plasmid through the use 
of appropriate PCR primers, which may be easily constructed from the data from the 
shown sequences. 



25 Other embodiments and aspects of the present invention include: 



A transformed host having the capability of expressing a GOI in the 
aleurone layer or the scutellar epithelial layer or the vascular tissue through 
the use of the gene promoter as hereinbefore described; 

30 

A vector incorporating a construct as hereinbefore described or any part 
thereof; 
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25 

A plasmid comprising a construct as hereinbefore described or any part 
thereof; 

A cellular organism or cell line transformed with such a vector; 
A monocotylenedonous plant comprising any one of the same; 

A developing caryopsis or grain or germinating seedling comprising any of 
the same; and 

A method of expressing any one of the above. 



The present invention will now be described only by way of examples in which 
reference shall be made to the accompanying Figures in which: 

15 

Figure 1 is a diagrammatic illustration of the structural components of a 
developing caryopsis; 

Figure 2 shows the results for an in situ hybridization experiment for a wild type 
20 Ltpl gene promoter in barley; 



Figure 3 is a nucleotide sequence of part of the wild type Ltpl gene taken from 
Linnestad et al. (1991); 

25 Figure 4 is a nucleotide sequence of part of the wild type Ltpl gene taken from 

Skriver et al (1992); 

Figure 5 is a nucleotide sequence of a 787 bp fragment of the wild type Ltpl 
gene promoter; 

30 

Figure 6 is a linear map of the Ltpl.787-GN construct showing additional 
sequence information; 
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Figure 7 is a circular map of the plasmid pLtpl .787-GN containing the Ltpl .787- 
GN construct; 

Figure 8 is a longitudinal section of a developing rice grain post expression of 
5 the modified Ltpl gene promoter; and 

Figure 9 is a longitudinal section of a mature germinating rice grain post 
expression of the modified Ltpl gene promoter. 

10 A, METHODS 

i. Plant material 

Caryopsis of barley (Hordeum vulgare cv. Bomi) were collected from plants grown 
15 in a phytotron as described before (Kvaale and Olsen, 1986). The plants were 
emasculated and pollinated by hand and isolated in order to ensure accurate 
determination of caryopsis age. 

+ 

ii. cDNA and genomic clones 

20 

The isolation and sequencing of the Ltpl cDNA clone was conducted as described by 
Jakobsen et al. (1989). A barley, cv. Bomi genomic library was constructed by 
partial Mbol digestion of total genomic DNA and subsequent ligation of the 10-20 
kilo basepair (kb) size fraction with BarriHl digested lambda EMBL3 DNA (Clontech 
25 Labs, Palo Alto, Ca, USA). Using the Ltpl cDNA insert as a template for probe 
synthesis with a random labelling kit (Boehringer-Mannheim), one positive clone was 
identified after repeated rounds of plaque hybridization. DNA purified from this clone 
was restricted with several enzymes and characterized by Southern blot analysis. The 
sequence data obtained after this procedure are shown in Figure 3. 



4 
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iii. In situ hybridization 

For in vitro transcription of antisense RNA, the plasmid Ltpl was linearized and 
transcribed using MAXIscript (Ambion) and [a 33 P]-UTP (Amersham International). 
5 The probe was hydrolysed to fragments of about 100 bp as described by Somssich et 
al. (1988). Caryopsis tissues were fixed in 1% glutaraldehyde, 100 xnM sodium 
phosphate (pH 7.0) for 2 hours and embedded in Histowax (Histolab, Goteborg, 
Sweden). 

10 Barley caryopsis sections of 10 /im were pre-treated with pronase (Calbiochem) as 
described by (Schmelzer et al. , 1988) and hybridized with 25 ml of hybridization mix 
(200 ng probe ml-1, 50% formamide, 10% (w/v) dextran sulphate, 0.3 M NaCl, 10 
mM Tris-HCl, 1 mM EDTA (pH 7), 0.02% polyvinylpyrrolidone, 0.2% Ficoll, 
0.02% bovine serum albumin) for 15 hours at 50 °C. 

15 

Post-hybridization was carried out according to Somssich et al. (1988) and auto- 
radiography was done as described by Schmelzer et al. (1988). 

iv. Constructs for transient expression analysis 

20 

For the micro-projectile bombardment experiments, the following was used: 
pLtpl.787-GN (see Figure 7 and associated commentary). 
25 Isolated plasmid DNA was used in the bombardment studies. 

For transient assay studies with rice protoplasts, the following were studied: 
pLtpl.787-GN (see Figure 7 and associated commentary). 

30 

pLtpl.787(-myt//7iyc)-GN (see commentary below). 
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Deletion studies were performed on the modified Ltpl gene promoter (Ltpl.787) 
wherein a section of DNA containing the myb and myc sites (see Figure 3 and 
associated commentary) was removed to form pLtpl.787(-my6/wyc)-GN. In this 
embodiment, the modified Ltpl gene promoter having deletions from and between the 
5 myb and myc sites was prepared and fused to GN. In order to prepare this deleted 
modified Ltpl gene promoter a PCR strategy using primers covering the flanking 
sequences of the deleted sequence was adopted. 

v. Transformation of barley cells by particle bombardment 

10 

Barley caryopsis were harvested at 25 DAP (days after pollination), surface sterilized 
in 1 % sodium hypochlorite for 5 min and then washed 4 times in sterile distilled 
water. The maternal tissues were removed to expose the aleurone layer and the 
caryopsis was then divided into two, longitudinally along the crease. The pieces of 
15 tissue were then placed, endosperm down, onto MS media (Murashige & Skoog 1962) 
with 10 g/1 sucrose solidified with 10 g/1 agar in plastic petri dishes (in two rows of 
4 endosperm halves per dish). Embryos from the same caryopsis were placed in the 
same petri dishes with the scutellum side facing upwards. 

20 Single bombardments were performed in a DuPont PDS 1000 device, with M-17 
tungsten pellets (approx. 1 fim in diameter) coated with DNA as described by 
Gordon-Kamm et al. (1990) and using a 100 mm mesh 2 cm below the stopping 
plate. Histochemical staining for GUS expression was performed with X-Gluc (5- 
bromo,4-chloro,3-indolyl,6-D, Glucuronic acid) as described by Jefferson (1987) at 

25 37*Cfor2days. 

In these studies, after bombardment with the pLTpl.787-GN and staining for GUS- 
activity, blue spots appeared both in the aleurone layer as well as in the scutellar 
epithelium layer. These results demonstrate that the 787 bp fragment of the Ltpl 
30 gene promoter of the present invention is capable of driving transcription in the 
epithelial cells. 
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vi. Rice transformation 



In these studies, the gene was transformed into rice by electroporation of 
embryogenetic protoplasts following the teachings of Shimamoto et al. 1989. Six 
5 fertile transgenic rice plants were obtained. Histochemical GUS analysis was also 
carried out with developing rice grains of 25 DAP and 1 to 5 day old seedings and 
up to 1 month old plants derived from transgenic grains. The results demonstrated 
expression of the Ltpl - GUS gene in the scutellar epithelial layer of developing 
transgenic rice plants. In addition, in a germinating rice seedling according to the 
10 present invention there is a pronounced expression in the vascular tissue. 



RESULTS AND DISCUSSION WITH REFERENCE TO THE FIGURES 

1. In order to explain more fully the results, reference is made to Figure 1 which 
15 shows the major components of a typical developing caryopsis (or grain) 1. In this 

regard, the caryopsis (or grain) 1 comprises an endosperm component 3 and an 
embryo component 5. The endosperm component 3 is divisible into an outer aleurone 
layer 7, which is three cells thick for barley caryopsis, and a starchy endosperm 9. 
The embryo component 5 is divisible into a scutellum 11 and an embryo axis 13. 
20 The scutellum 1 1 is further divisible into an epithelial layer 15 and parenchyma layer 
17. Likewise, the embryo axis 13 is further divisible into a root component 19 and 
a shoot component 2L 

2. Figure 2 is a transverse section of a 30 day-old wild-type developing barley 
25 caryopsis showing in situ hybridisation with a radio-labelled Ltpl probe. The bound 

probe is only seen in the aleurone layer. It is not seen in any other tissue type, in 
particular the scutellar epithelial layer. This work confirms the work of Skriver et 
al. (1992). 



30 



The bright spots are due to optical interference 
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3. Figure 3 shows the nucleotide sequence and the deduced amino acid sequence of 
Ltpl. The intron is indicated by lower case letters. The TG A stop codon is indicated 
by an asterisk, the putative CAAT and TATA sequences are indicated by boxes. A 
21 bp inverted repeat is indicated by arrows. Four 8 bp palindromic sequences are 
5 overlined. The motif indicated by thick underlining resembles the CATGTAAA motif 
present in the promoters of several genes expressed in aleurone cells (Klemsdal et al 
(1991)). An AT block followed by a myb consensus recognition site and a myc 
binding motif are indicated by double underlining. 

10 4. Figure 4 shows the sequence of the Ltpl gene. The 351 bp open reading frame 
is interrupted by a 133 bp intron (+412 to +544). The transcript start site is at 
position +1. The putative CAAT and TATA boxes are at -107 and -34. A putative 
poly (dA) site is at +785 (Skriver et al. (1992)). 

15 5. Figure 5 is the nucleotide sequence of the preferred embodiment of the present 
invention, i.e. a 787 bp fragment of the Ltpl gene promoter. The same commentary 
for Figure 3 is equally applicable here. 

6. Figure 6 is an outline of the Ltpl genomic clone containing the Ltpl structural 
20 gene (shaded box) and the promoter fragment fused to the GUS gene (black box) used 

to transform rice. Also indicated are the extensions of the Ltpl fragment described 
in Linnestad et al. (1991) and Skriver et al. (1992). The figures used represent DNA 
fragment lengths in kb. The total length of the genomic clone is in the order of 8.1 
kb. 

25 

7. Figure 7 helps explain how pLtpl.787-GN was constructed. In this regard, the 
following fragments were sequentially cloned into the vector Bluescript KS": firstly 
the 787 bp Sacl/Bcl fragment of the Ltpl gene promoter was cloned into the 
SacI/BcII site of the vector; and secondly a GUS-Nos Terminator on 2150 bp 

30 Smal/EcoRI fragment derived from pBHOl was cloned into Smal/EcoRI downstream 
of the Ltpl promoter. 
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8. Figure 8 is a longitudinal section of a 30 day old transgenic rice grain showing 
transcriptional activity of the construct of Figure 7 (i.e. pLtpl.787-GN) containing 
the promoter of Figure 5. It is to be noted that transcriptional activity is achieved in 
the scutellar epithelial layer, as denoted by the blue staining. 

5 

9. Figure 9 is a longitudinal section of a mature germinating transgenic rice grain 
showing transcriptional activity of the construct of Figure 7 (i.e. pLtpl.787-GN) 
containing the promoter of Figure 5. 

10 It is to be noted that transcriptional activity is achieved in the scutellar epithelial 
layer. Transcriptional activity is also observed in the shoot epithelial layer and in the 
aleurone layer. However, the extent of expression in the last two tissue types is not 
as pronounced as that in the scutellar epithelial layer. 

15 However, more importantly, with the transgenic rice transcriptional activity is 
observed in the vascular tissue of the germinating seedling and the vascular tissue of 
the root and stem. 

C SUMMATION 

20 

The Examples relate to the isolation of and to the use of a 787 bp fragment of the 
promoter for the barley Ltpl gene, which encodes a 10 kDa nsLTP. The gene was 
isolated by the use of a cDNA from a differential screening experiment in which the 
positive probe was constructed from aleurone cell poly (A) rich RNA, and the 
25 negative probe from the starchy endosperm of immature grains. 

A construct comprising the Ltpl gene promoter fragment and a GOI (in this case 
GUS) was stably inserted into rice protoplasts. 

30 Expression and in situ analysis for the wild type gene promoter demonstrated that the 
Ltpl transcript is expressed in high levels only in the aleurone cells in developing 
barley caryopsis. This expression continued in germinating grains and also in 



I 



WO 95/23230 PCT/NO95/00042 

32 

plantlets and mature plants. 

However, for transgenic cereals, especially rice, even though there is some expression 
in the aleurone layer for the modified Ltpl gene promoter it is, however, not as 
5 pronounced as that in each of the epithelial cells of the scutellum, the epidermal cells 
of the coleoptile and the vascular strands of the embryo of developing caryopsis (or 
grain). 

This result is completely unexpected as it shows that a modified Ltpl promoter can 
10 function differently in transgenic cereals, especially rice, than the wild-type Ltpl gene 
in barley. 

Expression and histochemical analysis for the transgenic rice demonstrated that the 
Ltpl transcript is expressed in high levels in the scutellar epithelial tissue and vascular 
15 tissue, especially of a germinating rice seedling and a developing rice grain and a rice 
plant (e.g. in the root, leaves and stem). This expression continued in germinating 
grains and also in plantlets and mature plants. 

Importantly, for rice, expression is observed in the vascular tissue of the germinating 
20 seedling and the vascular tissue of the root and stem. 

This result is completely unexpected in view of the expression pattern of wild-type 
Ltpl gene in barley. 

25 Using the 787 bp promoter fragment in particle bombardments of developing barley 
caryopsis, we obtained activity (blue spots) in the epithelium layer of the scutellum. 

The results therefore indicate that the modified Ltpl gene promoter directs expression 
of a GOI predominantly in the aleurone cells of developing caryopsis, particularly for 
30 barley, or the scutellar epithelial tissue or vascular tissue of a germinating seedling 
or a developing grain or a plant (e.g. in the root, leaves and stem) particularly for 
rice. 
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The modified Ltpl gene promoter therefore represents a valuable tool for the 
expression of GOIs in the aleurone layer of developing caryopsis, in particular 
developing barley caryopsis. 

5 Moreover, the modified Ltpl gene promoter represents a valuable tool for the 
expression of GOIs in the scutellar epithelial cells and vascular cells of germinating 
seedlings or developing grain, in particular developing or germinating rice seedlings 
or grain. The epithelial or vascular expression is of particular benefit because the 
787 bp LTP1 gene fragment can be used to express antisense a-amylase in the 
10 scutellar epithelial layer in order to reduce or to prevent damage due to preharvest 
sprouting or to introduce or enhance pathogen resistance. 

One possible reason for the expression activity of the modified Ltpl gene promoter 
of the present invention may be the absence of "silencer* elements in the modified 
15 gene promoter which prevent expression of the wild type gene in, for example, the 
scutellar epithelial layer and vascular cells. Accordingly, the term "modified" (as 
defined above) could include removal of any silencer elements from the wild type 
Ltpl gene promoter. 

20 Studies with the modified Ltpl gene promoter having deletions from and between the 
myb and myc sites when fused to GN showed that the relative activity of the deleted 
modified Ltpl gene promoter was less (in some cases 70% less) than the modified 
Ltpl gene promoter which contains the myb and myc sites. Therefore, it is believed 
that the presence of the myb and myc sites are important for even higher levels of 

25 expression of the modified Ltpl promoter in at least protoplasts of at least rice. 

Accordingly the present invention also covers a method of enhancing the in vivo 
expression of a GOI in at least the aleurone layer of a developing caryopsis or in at 
least the scutellar epithelial tissue or vascular tissue of a germinating seedling or a 
30 developing grain or a plant preferably of an embryo of a developing monocotyledon 
grain or caryopsis, comprising stably inserting into the genome of those cells a DNA 
construct comprising a modified Ltpl gene promoter and a GOI, wherein in the 
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formation of the construct the modified Ltpl gene promoter is ligated to the GOI in 
such a manner that each of the myb site and the myc site in the modified Ltpl gene 
promoter is maintained substantially intact. 



10 



The present invention also covers the use of a myb site and a myc site in a modified 
Ltpl gene promoter to enhance in vivo expression of a GOI in at least the aleurone 
layer of a developing caryopsis or in at least the scutellar epithelial tissue or vascular 
tissue of a germinating seedling or a developing grain or a plant, preferably of an 
embryo of a developing monocotyledon caryopsis or grain, wherein the modified Ltpl 
gene promoter and the GOI are integrated into the genome of the monocotyledon. 



15 



Each of these aspects is applicable to the combination expression system. 

D, CONCLUSIONS VIS-A-VIS THE SPECIFIC EXAMPLES 

1 . The barley Ltpl gene encodes a protein homologous to the 10 kDa wheat lipid 
transfer protein. 



2. The wild type Ltpl gene promoter is expressed in developing barley aleurone 
20 cells. 

3. The modified Ltpl gene promoter is transiently expressed in developing barley 
scutellar epithelial cells after particle bombardment. 



25 4. The modified Ltpl gene promoter directs expression of the Gl/S-reporter gene 
in the scutellar epithelial cells of developing transgenic rice grains. However, 
more pronounced expression is observed in the vascular tissue of germinating 
seedlings and the root and stem of the transgenic rice plant. 

30 5. The modified Ltpl gene promoter contains sequence elements implicated in the 
transcriptional control of cereal endosperm specific genes. 
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6. The modified Ltpl gene promoter contains myb and myc sequence elements that 
are implicated in the level of transcription in cereal endosperm. 

Other modifications of the present invention will be apparent to those skilled in the 
5 art without departing from the scope of the invention. 
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SEQUENCE LISTING 



10 



20 



25 



30 



35 



40 



45 



(1) GENERAL INFORMATION 



NAME OF APPLICANTS: 
BUSINESS ADDRESS: 



O.-A. OLSEN AND R. KALLA 

PLANT MOLECULAR BIOLOGY LABORATORY 

DEPARTMENT OF BIOTECHNICAL SCIENCES 

AGRICULTURAL UNIVERSITY OF NORWAY 

AND AGRICULTURAL BIOTECHNOLOGY PROGRAM NRC 

NORWAY 

N-1432 



TITLE OF INVENTION: PROMOTER 
15 (2) INFORMATION FOR SEQUENCE I.D. 1 



SEQUENCE TYPE: 
MOLECULE TYPE: 
ORIGINAL SOURCE: 
SEQUENCE LENGTH: 
STRANDEDNESS : 
TOPOLOGY : 
SEQUENCE : 

-787 GAGCTCC 
-750 ACATCCAAGA 

GAGTAAACGG 
-670 ACAAAGTAGT 

ATTTTACGTG 
-590 TAATATTTTT 

GATTACGCCA 
-510 CACGGGAAGA 

CTTCTCTGTT 
-430 CAATACTGCA 

AAACACCTCA 
-350 CTGCAGTATT 

AAACAGGGCC 
-270 AGACTCGGCG 

TGATGGTTGG 
-190 GCCTGAGCGG 

CGATTTGGCC 
-110 TCGAACCCCT 

TCCACACCTC 
-30 GTACTGTTAG 



NUCLEIC ACID 
DNA (GENOMIC) 
BARLEY 
787 

DOUBLE 
LINEAR 



AAGGCATCAC 
AAGATATGTA 
AGGAAGTATA 
AAAAAAACTA 
TAGATAGAAA 
TGCAGTATTC 
CATATTACTG 
AGATAACGAC 
TTTTAAAAAG 
GTTTTAAAAT 
TTGTAAATAA 
CTAAAAATAC 
TAAGGAGTTA 
AGGCACCAGC 
CAAAGCCGAG 
GAGATACAAT 
CGCCGACTAA 
ATTTAAGCCC 
CACGAGTTGC 
CTACAGATTA 



CAAGCTTCTA 
CTAGGATACC 
ATATAAGGCC 
AAGTATTAAA 
ATACCATGGT 
ACAATGTAGA 
CAGTTTAGAT 
GTCCCACCCC 
AGGTCTGGGG 
CACAATTCTT 
AACTATGATA 
TACAAAAATT 
AAAAAATTTA 
AGCTAGCAGT 
TCGACGTGTC 
CTGTTCTCCA 
AGCATCCAGG 
CTCCATTCCT 
TCATCACTAG 
AGAAGTGATC 



TGACGCCAAA 
AAGCACCCAA 
CTGTTTGATA 
AACTGCAGTA 
TTTAATATAA 
GAAACTGTTT 
CGAGCAAGTA 
TTCT TTTCGC 
TTAGI 1 1 1 I I 
AGAGGCAACC 
ATCTCCAAAA 
CTTTGTTATC 
GCCGTAACTG 
CATCAACACT 
GCGGGGCTCG 
GTAACCCCGT 
CATCTCTCGC 
CCCAACATTC 
CTAGTACGTT 



NOTE- ABOVE SEQUENCE IS A RETYPED VERSION OF FIGURE 5 WHICH IS TO BE 
TAKEN AS THE CORRECT SEQUENCE 
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(3) INFORMATION FOR SEQUENCE I.D. 2 



10 



SEQUENCE TYPE: 
MOLECULE TYPE: 
ORIGINAL SOURCE: 
SEQUENCE LENGTH: 
STRANDEDNESS : 
TOPOLOGY : 
SEQUENCE: 



807 
780 



15 -660 



20 



25 



30 



-540 



-420 



-300 



-180 



-60 



GTTAACCGTC 
AAGCCGATGA 
CAAGAGGTTT 
TCTAGTAGTA 
AAATATTTTG 
ATGTCACTCT 
AGGT TTTG AC 
ACAATTTTAT 
GTATCACAAA 
GAATGTGAAA 
TTCATGGCAT 
TAAGAAAAAA 
TCATGAGACA 
GGATGATGCG 
CGCCTACCGC 
CGAACGACCC 
GCTACCTTCG 
GTGCCCCCGC 
GTGCGTGGCT 
AGCTAGAAAC 



NUCLEIC ACID 

DNA (GENOMIC) 

BARLEY 

-807 

DOUBLE 

LINEAR 



GATCTCG 
TCTTCGTGAG 
GGATAAATAA 
ACTCATCAAG 
CATCGGACCT 
TGCTCATTTA 
AGGTTTTGAC 
AAATAATTTC 
TTTACTTTTA 
TGCCACTCTA 
AAAAACACTC 
GGAAATGTGA 
TTGTACTCCT 
ATCGCGTTTG 
CATGAATGGA 
CCACTGAGTC 
AGCTGACCTC 
TCAGCGACGA 
ATGCATGGCG 
GGCTACAAAT 
TTACACCTGC 



ATGTGTAGTC 
AATAACCGTG 
AATGTGGTGG 
AGGATGCTTT 
CACATACCTC 
GTGATGGGTA 
ATTTCAGTTT 
CATTCCGCGG 
CCACTCTTAG 
GAAATTCTGT 
ACTTATTTGA 
CATAAAGTAA 
CGTAACAAGA 
GAAGGCTTTG 
GTCGTCTGCT 
CGGGCGGCAA 
TACCGACCGG 
TGGCCGCGTA 
GCACATGGCG 
ACGTACCCCG 



TACGAGAAGG 
GCCTAAAAAT 
TACAGTACTT 
TCCGATGAGC 
CATTGTQGTG 
MTTTTGTTT 
TGCCACTCTT 
CAAAAGCAAA 
CTTTCACAAT 
TTATGCCACA 
AGCCAAGGTG 
CGTTCGTGTA 
GACGGAAACA 
CATCACCTTT 
TGCTAGCCTT 
CTACCATCGG 
ACTTGAATGC 
CGCTGGCGAC 
AGCTCAGACC 
TGAGTGCCCT 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule I3bis) 



A. The indications made below relate to the microorganism referred to in the description 
on page 3-M- , lines jS- H" 



D. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet | | 



Name of depositary institution 

The National Collections of Industrial and Marine Bacteria Limited (NCIMB) 



Date of deposit 


Accession Number 


C ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet | ) 



Address of depositary institution (including postal code and country) 

23 St. Machar Drive 
Aberdeen 
Scotland 
AB2 1RY 

United Kingdom 



In respect of those designations in which a European patent is sought, and any 
other designated state having equivalent legislation, a sample of the deposited 
microorganism will be made available until the publication of the mention of the 
grant of the European patent or until the date on which the application has been 
refused or withdrawn or is deemed to be withdrawn, only by the issue of such a 
sample to an expert nominated by the person requesting the sample. (Rule 28(A) 
EPC). 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if 'the indications arc not for all designated Stales) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) 



The indications listed below will be submitted to the International Bureau later (specify Ac general nature of the indications e.g., 'Accession 
Number of Deposit") 



For receiving Office use only 



| | This sheet was received with the international application 



Authorized officer 



For international Bureau use only 



1 I This sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/RO/134 (July 1992) 
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CLAIMS 

1. A modified Ltpl gene promoter which is integrated, preferably stably 
integrated, within a plant material's genomic DNA and which is capable of inducing 

5 expression of a GOI when fused to the gene promoter in at least the aleurone cells or 
in at least the scutellar epithelial tissue or vascular tissue of a germinating seedling 
or a developing grain or a plant (e.g. in the root, leaves and stem). 

2. A modified Ltpl gene promoter according to claim 1 wherein the plant 
10 material is a developing caryopsis, a germinating seedling, a developing grain or a 

plant and wherein the gene promoter is integrated, preferably stably integrated, in the 
developing caryopsis' s genomic DNA or the germinating seedling's genomic DNA 
or the developing grain's genomic DNA or the plant's genomic DNA and which is 
capable of inducing expression of a GOI when fused to the gene promoter in at least 
15 the aleurone cells of the developing caryopsis or in at least the scutellar epithelial 
tissue or vascular tissue of a germinating seedling or a developing grain or a plant 
(e.g. in the root, leaves and stem). 

3. A modified Ltpl gene promoter according to claim 1 or claim 2 wherein the 
20 promoter comprises the nucleic acid sequence shown as SEQ. I.D. 1, or a sequence 

that has substantial homology with that of SEQ. I.D. 1, or a variant thereof. 

4. An isolated Ltpl gene promoter comprising the sequence shown as SEQ. I.D. 
1, or a sequence that has substantial homology therewith, or a variant thereof. 

25 

5. A construct comprising 
a GOI and 



30 



a modified Ltpl gene promoter according to any one of claims 1 to 4; 
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wherein the construct is capable of being expressed in at least the aleurone 
cells or in at least the scutellar epithelial tissue or vascular tissue of a plant material; 
and 

5 wherein if there is expression in just the aleurone layer of a developing barley 

caryopsis then the fused promoter and GOI are not the 769 bp fragment of Skriver 
et al (1992). 

6. A construct according to claim 5 wherein the construct is capable of being 
10 expressed in at least the aleurone cells of a developing caryopsis or in at least the 
scutellar epithelial tissue or vascular tissue of a germinating seedling or a developing 
grain or a plant when the construct is integrated, preferably stably integrated, within 
the caryopsis's or grain's or seedling's or plant's genomic DNA. 

15 7. A construct according to claim 5 or claim 6 wherein the modified Ltpl gene 
promoter comprises the nucleic acid sequence shown as SEQ. I.D. 1, or a sequence 
that has substantial homology with that of SEQ. I.D. 1, or a variant thereof. 

8. The construct according to any one of claims 5 to 7 wherein the construct 
20 further comprises at least one additional sequence to increase expression of the GOI. 

9. An expression system for at least the aleurone cells or for at least the scutellar 
epithelial tissue or vascular tissue of a plant material, the expression system 
comprising 

25 

a GOI fused to a modified Ltpl gene promoter 

wherein the expression system is capable of being expressed in at least the 
aleurone cells or in at least the scutellar epithelial tissue or vascular tissue of the plant 
30 material; and 
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wherein if there is expression in just the aleurone layer of a developing barley 
caryopsis then the fused promoter and GOI are not the 769 bp fragment of Skriver 
et al (1992). 

5 10. An expression system according to claim 9 wherein the expression system is 
for at least the aleurone cells of a developing caryopsis or for at least the scutellar 
epithelial tissue or vascular tissue of a germinating seedling or developing grain or 
plant (e.g. in the root, leaves and stem). 

10 11. An expression system according to claims 9 or claim 10 wherein the 
expression system is additionally capable of being expressed in the embryo cells of 
the germinating grain or the plantlet. 

12. An expression system according to any one of claims 9 to 11 wherein the 
15 expression system is integrated, preferably stably integrated, within a developing 

caryopsis's genomic DNA or a germinating seedling's genomic DNA or a developing 
grain's genomic DNA or a plant's genomic DNA. 

13. An expression system according to any one of claims 9 to 12 wherein the gene 
20 promoter comprises the sequence shown as SEQ I.D. No. 1 or comprises a sequence 

that has substantial homology therewith, or is a variant thereof. 

14. An expression system for at least the aleurone cells of a developing caryopsis 
or for at least the scutellar epithelial tissue or vascular tissue of a germinating 

25 seedling or developing grain or plant (e.g. in the root, leaves and stem), the 
expression system comprising 

a gene promoter fused to a GOI 

30 wherein the expression system is capable of being expressed in at least the 

aleurone cells of the developing caryopsis or in at least the scutellar epithelial tissue 
or vascular tissue of a germinating seedling or a developing grain or a plant (e.g. in 
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the root, leaves and stem); either 

wherein if there is expression in just the aleurone layer of a developing barley 
caryopsis then either the promoter is not the wild type Ltpl promoter in its natural 
5 enviroment and the GOI is not the Ltpl functional gene in its natural enviroment; or 

wherein if there is expression in just the aleurone layer of a developing 
caryopsis then the fused promoter and GOI are not the 769 bp fragment of Skriver 
et al (1992). 

10 

15. An expression system according to any one of claims 9 to 14 comprising a 
construct according to any one of claims 5 to 8. 

16. A transgenic cereal comprising an expression system according to any one of 
15 claims 9 to 15 or a construct according to any one of claims 5 to 8 wherein the 

expression system or construct is integrated, preferably stably integrated, within the 
cereal's genomic DNA, 

17. The use of a gene promoter as defined in any one of the preceding claims to 
20 induce expression of a GOI when fused to the gene promoter in at least the aleurone 

cells or in at least the scutellar epithelial tissue or vascular tissue of a plant material. 

18. The use according to claim 17 wherein the gene promoter is used to induce 
expression of a GOI when fused to the gene promoter in at least the aleurone ceils of 

25 a developing caryopsis or in at least the scutellar epithelial tissue or vascular tissue 
of a germinating seedling or a developing grain or a plant (e.g. in the root, leaves and 
stem). 

19. A process of expressing a GOI when fused to a gene promoter as defined in 
30 any one of the preceding claims, wherein expression occurs in at least the aleurone 

cells or in at least the scutellar epithelial tissue or vascular tissue of a plant material. 
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20. A process according to claim 19 wherein the gene promoter expresses the GOI 
when fused to the gene promoter in at least the aleurone cells of a developing 
caryopsis or in at least the scutellar epithelial tissue or vascular tissue of a 
germinating seedling or a developing grain or a plant (e.g. in the root, leaves and 

5 stem). 

21. A process according to claim 19 or claim 20 wherein the promoter and GOI 
are integrated, preferably stably integrated, within a cereal's genomic DNA. 

10 22. A process of expressing in at least the scutellar epithelial tissue or vascular 
tissue of a developing grain or a germinating seedling or a plant, preferably a 
developing rice grain or a germinating rice seedling or a transgenic rice plant, an 
expression system according to any one of claims 9 to 15 or a construct according to 
any one of claims 5 to 8 wherein the expression system or construct is integrated, 

15 preferably stably integrated, within the cereal's genomic DNA. 

23. The invention of any one of claims 1 to 22 wherein the gene promoter is a 
fragment of a barley Ltpl gene promoter. 

20 24. The invention of claim 23 wherein the promoter is for a 10 kDa lipid transfer 
protein. 

25. The invention of claim 23 or claim 24 wherein the gene promoter is 
obtainable from plasmid NCIMB 40609. 

25 

26. The invention of any one of claims 1 to 15 wherein the gene promoter is used 
for expression of a GOI in a cereal caryopsis or a cereal grain or a cereal seedling 
or a cereal plant. 

30 27. The invention of claim 26 wherein the cereal caryopsis is a developing cereal 
caryopsis, the cereal grain is a developing cereal grain, and the cereal seedling is a 
germinating cereal seedling. 
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28. The invention of claim 26 or claim 27 wherein the cereal is any one of a rice, 
maize, wheat, or barley. 

29. The invention of claim 28 wherein the cereal is rice or maize, preferably rice. 

5 

30. The invention according to any one of claims 1 to 29 wherein the developing 
caryopsis is a developing barley caryopsis, the germinating seedling is a germinating 
rice seedling, the developing grain is a developing rice grain, and the plant is a 
transgenic rice plant. 

10 

31. A combination expression system comprising 

a. as a first construct, a construct according to any one of claims 5 to 8; and 

15 b. as a second construct, a construct comprising a GOI and another gene 
promoter that is tissue- or stage-specific. 

* 

32. A combination expression system according to claim 31 wherein each 
construct is integrated, preferably stably integrated, within a plant material. 

20 

33. A combination expression system according to claim 32 wherein each 
construct is integrated, preferably stably integrated, within a developing caryopsis's 
genomic DNA or a grain's genomic DNA or a seedling's genomic DNA or a plant's 
genomic DNA. 

25 

34. A combination expression system according to any one of claims 31 to 33 
wherein the first construct comprises a modified Ltpl gene promoter comprising the 
nucleic acid sequence shown as SEQ. I.D. 1, or a sequence that has substantial 
homology with that of SEQ. I.D. 1, or a variant thereof. 

30 

35. A combination expression system according to any one of claims 31 to 34 
wherein the promoter in the second construct is an aleurone specific promoter. 
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36. A combination expression system according to any one of claims 31 to 35 
wherein the promoter in the second construct a barley promoter. 

37. A combination expression system according to any one of claims 31 to 35 
5 wherein the second construct is the B22E gene promoter. 

38. A combination expression system according to any one of claims 31 to 37 
wherein the promoter in the second construct is the Ltp2 gene promoter. 

10 39. A combination expression system according to claim 38 wherein the promoter 
in the second construct is for a 7 kDa lipid transfer protein. 

40. A combination expression system according to claim 38 or 39 wherein the 
promoter in the second construct is the promoter for Ltp2 of Hordeum vulgare. 

15 

41. A combination expression system according to any one of claims 31 to 40 
wherein the promoter in the second construct comprises the sequence shown as SEQ. 
I.D. 2, or a sequence that has substantial homology therewith, or a variant thereof. 

20 42. A combination expression system according to any one of claims 38 to 41 
wherein each of the myb site and the myc site in the Ltp2 gene promoter is 
maintained substantially intact. 

43. A combination expression system according to any one of claims 31 to 42 
25 wherein the second construct further comprises at least one additional sequence to 

increase expression of the GOL 

44. A developing cereal grain, preferably a germinating rice seedling, comprising 
any one of: a promoter according to any one of claims 1 to 4 or any claim dependent 

30 thereon, an expression system according to any one of claims 9 to 15 or any claim 
dependent thereon, a construct according to any one of claims 5 to 8 or any claim 
dependent thereon, or a combination expression system according to any one of 
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claims 31 to 43 or any claim dependent thereon. 

45 . The invention of any one of the preceding claims wherein each of the myb site 
and the myc site in the gene promoter is maintained substantially intact. 

5 

46. Plasmid NCIMB 40609. 



47. A promoter, a construct or an expression system or a combination expression 
system substantially as described herein with reference to any one of Figures 5 to 9. 
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1 GAGCTCCAAGGCATCACCAAGCTTCTATCACGCCAAAACATCCAAGAAAGATATGTACTAGGATACCAAGCACCC 



7 6 AAGAGTAAACGGAGGAAGTATAATATAAGGCCCTGTTTGATAACAAAGTAGTAAAAAAACTAAAGTATTAAAAAC 



151 TCCAGTAATTTTACGTGTAGATAGAAAATACCATGGTTTTAATATAATAATATTTTTTGCAGTATTCACAATGTA 



22 6 GAGAAACTGTTTGATTACGCCACATATTACTGCAGTTTAGATCGAGCAAGTACACGGGAAGAAGATAACGACGTC 
301 CCACCCCTTCTTTTCGCCTTCTCTGTTTTTTAAAAAGAGGTCTGGGGTTAGTTTTTTCAATACTGCAGTTTTAAA 
37 6 ATCACAATTCrrAGAGGCAACCAAACACCTCATTGTAAATAAAACTATGATAATCTCCAAAACTGCAGTATTCTA 



4 51 AAAATACTACAAAAATTCTTTGTTATCAAACAGGGCCTAAGGAGTTAAAAAAATTTAGCCGTAACTGAGACTCGG 



52 6 CGAGGCACCAGCAGCTAGCAGTCATCAACACTTGATGGTTGGCAAAGCuGACTCGACGTCTCGCGGGGCTCGGCC 



601 TGAGCGGGAGAT ^CAAT^ TGTTCTCCAGTAACCCCGTCGATTTGGCCCGCCGACTAAAGCATCCAGGCATCTCTC 
67 6 GCTCGAACCC qrATTTAAt SCCCCTCCATTCCTCCCAACATTCTCCACACCTCCACGAGTTGgTCATCACTACCTA 

751 GTACGTTGTACTGTTAGCTACAGATTAAGAAGTGATC ATG GCC CGC GCT CAG GTA CTG CTC ATG 

MARAQVLLM 
915 GCC GCC GCC TTG GTG CTG ATG CTC ACG GCG GCC CCG CGC GCT GCC GTG GCC CTC AAC 

A-AALVLHLTAAPRAAVALN 
8 72 TGC GGC CAG GTT GAC AGC AAG ATG AAA CCT TGC CTG ACC TAC GTT CAG GGC GGC CCC 

CGQVD S KMKPCLTYV QGGP 
92 9 GGC CCG TCC GGC GAA TGC TGC AAC GGC GTC AGG GAT CTC CAT AAC CAG GCG CAA TCC 

GPSGECCNGVRDLHHQAQS 
98 6 TCG GGC GAC CGC CAA ACC GTT TGC AAC TGC CTG AAG GGG ATC GCT CGC GGC ATC CAC 
SGDRQTVCNCLKGI A R G X H 
1043 AAT CTC AAC CTC AAC AAC GCC GCC AGC ATC CCC TCC AAG TGC AAT GTC AAC GTC CCA 

NLNLNNAASIPSKCNVNVP 
1100 TAC ACC ATC AGC CCC GAC ATC GAC TGC TCC AG gtgat taaac tcacact cacecagagcgaaat 

YTISPDIDCSR 
1164 ctttaaaaagaactatatttacgaacggagtgagtatacaggaacattcatccacgcaaaat ttgtcgatattaa 

1240 cattaacacgcatgattgacctgcag G ATT TAC TGAGCGACGATCCGTCAAGCTGGTGCTCAGCTCATCGA 

I Y * 

1310 TCCACGTGGAGCTGAAGCGCGC AGCCTCTGTCCCT ATGTAGTATGGCTACCAGTTATGCCGAGTTTATGCTGAAT 
1385 AAGAACTCTCTCCTGTACTCCTTTGGAGGAGATCAGT ATCTATGTACGTGAGAGTTGAGAGTTTGTACCATCGGC 



14 60 ACTCCCAGTGTTTATGGACTATATGCAT 
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CTCCACAACTCATGAGCATCACGGAATGGCATGAGTTGAAATATAACTACATTGCT^^ -1 621 
CCXACAAAAAGCACATTAGAATCTTGAGCATTGAGATAAGAGTTTTTCTCATGCTCTAAA - 1 5 6 1 
TATATATTTTGAGAATCCTTTGGAGGA(lftAAJlATCCATATTTACAATTCCTTGTAAATTT - 1 5 0 1 
GACTCCATGATCCTAAAGACATTAAGCATGCGAATTACCCAAACATCAAAATTTGTGCCA - 1 4 4 1 
TTGAAACTAAGAGTGTTAGAGAATCCTAATCCCCTACTTGACATACTTACTCTCTAGGTG - 1 3 8 1 
GTGAAACCTAATAATGAGAGATCTAGCTCTAATACCAATTGAGAGGATGTGGATGTCGCC -1321 
TAGAGGGGCGGTGAAT AGGCGCTTTAAAATAATTACGGTTTAGGCTCGAACAAATGTGGA - 1 2 6 1 
ATAAAACT AACGTTTCATTTGTCAAGCGCAAAACCTAAAACAACTAGGCTCACCTATGTG - 1 2 0 1 
CACCAACAACTTATGATAAGCAAGATAAAAAAACTAAGTGATGGCAGAATATATAACAAG - 1 1 4 1 
AAACAATATGGCTATCACAAAGTGAAGTGCATAAGTAAACAGCTCGGGTAAGGGACAACC - 1 0 8 1 
GACCCATGCGGAGACGACGATGTATCCTCAAGTTCACACACTTGCGGATGCTAATCTCCG - 1 0 2 1 
TTTGAAGCAGTGTGGAGGCACAATCGTCCCCAAGAAGCCACTAAGGCCACCGTAATCTCC - 9 6 1 
TCACCCCCTCGCACAATCGAAGATGTTCTGATTCCACTAAGGGACCCTTGAGGGCAGTCA - 9 0 1 
CTGAACCCGTATAAACATGGTTGGAACAATCTCCACGACTTAATTGGAGACTCCCAACAA - 8 4 1 
CACCACGAACCTTCATOLTAACGAAATAXGGCTTCGAGGTAACCTCAAATGCTCGCGGCA -7 81 
ATTTTTACAACCTAATTGAAGACCTCGACGCTTGCGTCGAGCTTTACACTATAATGATTG - 7 2 1 
AGCTCCL^AGGGCATCACCAAGCTTCTATGACGCCAAAACATCCAAGAAAGATATGTACTA -661 
GGATACCAAGCACCCAAGAGTAAACGGAGGAAGTATAATATAACCCCCTGTTTGATAACA - 6 0 1 
AAGTAGTAAAAAAACTAAAGTATTAAAAACTGCAGTAATTTTACGTGTAGATAGAAAATA - 5 4 1 
CCATGGTTTTAATAT AATAATATTTTTTGCACTATTCACAATGTAGAGAAACTGTTTGAT -481 
TACGCCACAT ATTACTGCAGTTTAGATCGAGCAAGTACACGGGAAGAAGATAACGACGTC - 4 2 1 
CCACCCCTTCTTTTCGCCTTCTCTGTTTTTTAAAAAGAGGTCTGGGGTTAGTTTTTTCAA - 3 6 1 
TACTGCAGTTTTAAAATCACAATTCTTAGAGGCAACCAAACACCTCATTaTAAATAAAAC -301 
TATGATAATCTCCAAAACTGCAGTATTCTAAAAATACTACAAAAATTCTTTGTTATCAAA -241 
CAGGGCCTAAGGAGTTAAAAAAATTTAGCCGTAACTGAGACTCGGCGAGGCACCAGCAGC - 1 8 1 
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TAGCAGTCATCAACAQXJCy^TGGTTGGCAAAGCCGAGTCGACGTGTCGCGGGGCTCGGCC 
TGAGCGGGAGATACAATCTGTTCTCCAGTAACCCCGTCGATTTGGCCCGCCCACTAAAGC 
ATCCAGGCATCTCTCGCTCGAACCCCTATTTAXCCCCCTCCATTCCTCCCAACAITCTCC 
ACACCTCCAC GAG TTGCTCATCACTAGCTAGTACGTTG TACT GTTAGCTACAGATTAAGA 

AGTGATCATGGCCCGCGCTCAGGTACTCCTCATGGCCGCCGCCTTGGTGCTGATGCTCAC " 
MARAQVLLMAAALVLMLT 

GGCGGCCCCGCGCGCTGCCGTGGCCCTCAACTGCGGCCAGGTTGACAGCAAGATGAAACC 
AAPRAAVAX.NCGQVDSKMKP 

TTGCCTGACCTACGTTCAGGGCGGCCCCGGCCCGTCCGGCGAATGCTGCAACGGCGTCAG 
CLTYVQGGPGPSGECCNCVR 

GGATCTCCATAACCAGGCGCAATCCTCGGGCGACCGCCAAACCGTTTGCAACTGCCTGAA 
DLHNQAQS SGDRQTVCNCLK 

GGGGATCGCTCGCGGCATCCACAATCTCAACCTCAACAACGCCGCCAGCATCCCCTCCAA 
GIARG I HNLKLNNAAS IPSX 

GTGCAATGTCAACGTCCCATACACCATCAGCCCCGACATCGACTGCTCCAGqrtgattaaa 
CMVNVPYTISPDIDCSR 

tttacactcatccagagtgaaatctttaaaaagaactatdtttacgaacggagtgagtat 

ataggaacattcatccacgtaaaatttgttgatattaacattaacacgcatgattgacct 

gcagGATTTACTGAGCGACGATCCGTCAAGCTGGTGCTCAGCTCATCGATCCACGTGGAG 

CTGAAGCGCGCAGCCTCTGTCCCTATCTACTATGGCTACCAGTTATGCCGAGTTTATGCT 
GAATAAGAACTCTCTCCTGTACTCCTTTGGAGGAGATCAGTATCTATGTACGTGAGAGTT 

GAGAGTTTGTACCATCGGCACTCCCAGTGTTTATGGACTATATGCATACACCTCCTTCTG 

t 

TGCTCAGTGTGTAACTTGTCTCTCTGTTTCCTCACGTTCGCGTCTCATATAATAATTTAC 

TT ATGTGCTCTAG GATCG TAGT ACAGTATCATATATATACCTCTCTATGAATTAGTTTAC 

CGTAGACCGTATGTTTCTTGAATCTGGATGAAAATTACGGATTCAAGCGTGCGTCCCGCA 

TATAATAAGCTTGCTTACGGATTCAAGCGTGCGTCACGCGGCTCAGTAGATGATGAGGAT 

ACTCGCTGCTGCATCTCTACATCCCGCTCATGAGCTGAGCTGAGCCCGGGTCCTCCCCCG 

CTCCGGCCCGCTGGCCACCCCGGCCGGCCGACCCTCAAACAGCCTTCATGACGAGCCGCC 

CGCCAGCAAGATCTCTTGGCTCCTCCCCTGTCCGTCGTAGAGAAACCCAGCA 
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1 GAGCTCCAAGGCATCACCAAGCTTCTATGACGCCAAAACATCCAAGAAAGATATGTACTAGGATACCAAGCACCC 

7 6 AAGAGTAAACGGAGGAAGTATAATATAAGGCCCTGTTTGATAACAAAGTAGTAAAAAAACTAAAGTATTAAAAAC 

151 TGCAGTAATTTTACGTGTAGATAGAAAATACCATGGTTTTAATATAATAATATTTTTTGCAGTATTCACAATGTA 

226 GAGAAACTGTTTGATTACGCCACATATTACTGCAGTTTAGATCGAGCAAGTACACGGGAAGAAGATAACGACGTC 

301 CCACCCCTrCTTTTCGCCTTCTCTGTTTTTT AAAAAG AGGTCTGGGGTTAGTTTTTTCAATACTGC AGTtTTAAA 

376 AT CACAATTCTTAGAGGCAACCAAACACCTCATTGTAAAT AAAACT CAAAACTGCAGT ATTCTA 

451 AAAATACTACAAAAATTCTTTGTTATCAAACAGGGCCTAAGGAG TTAAAAAAATTTAG CCG TAACTGA GACTCGG 

526 CGAG GCACCAGCA GCTAGCAGTCATCAACACTTGATGGTTGGCAAAGCCGAGTCGACGTGTCGCGGGGCTCGGCC 

601 TGAGCGGGAGAT ^CJLATP TGTTCTCCAGTAACCCCGTCGATTTGGCCCGCCGACTAAAGCATCCAGGCATCTCTC 

67 6 GCTCGAACCCC trATTTAAt SCCCCTCCATTCCTCCCAACATTCTCCACACCTCCACGAGTTGCTCATCACTAGCTA 

751 GTACGTTGTACTGTTAGCTACAGATTAAGAAGTGATC 
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133 bp intron 
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